The aim of this study was to determine if ultrasound (US) measurements of anterior neck soft tissue thickness at hyoid bone (DSHB), thyrohyoid membrane (DSEM), and anterior commissure (DSAC) levels can be used to predict difficult laryngoscopy.
Background
Endotracheal intubation is one of the most important skills for anesthesiologists in securing the airway during general anesthesia and resuscitation. Failure to secure the airway can cause anesthesia-related life-threatening morbidity and mortality. Therefore, unanticipated difficult intubation remains a primary concern for anesthesiologists [1] . Theoretically, accurate preoperative airway evaluation can reduce or avoid unanticipated difficult intubation. However, the difficult laryngoscopy and tracheal intubation rate still remains at 1.5-13% due to poor reliability of traditional protocols, algorithms, and combinations of screening tools in identifying a potentially difficult airway [2] .
Due to the portable, noninvasive characteristics, point-of-care ultrasound (US) technique has been widely used in the operating room for ultrasound-guided nerve block, central venous access, and pneumothorax diagnosis. With improved visualization of airway structures, more studies have been focusing on airway structure and function [3, 4] . Prasad et al. first found that US can reliably image all of the structures visualized by CT, and the infrahyoid airway structure parameters measured by ultrasound agree well with the parameters measured by CT [3] . Adhikari et al. further demonstrated that the anterior neck soft tissue thickness measured by ultrasound at hyoid bone and thyrohyoid membrane levels can be used as an index to predict difficult laryngoscopy, but only the anterior neck soft tissue thickness at thyrohyoid membrane levels can be used as an independent predictor of difficult laryngoscopy. Interestingly, they did not find a correlation between US measurements and clinical screening tests [5] . Ezri et al. [6] also found that an abundance of fat tissue at the anterior neck region as detected by ultrasound in Israeli obesity patients was a very good independent predictor of difficult laryngoscopy, being a much better predictor than body mass index (BMI) per se. However, a similar study in the Unites States showed that US quantification of anterior soft tissue and general bedside screening tests failed to predict difficult laryngoscopy in American obese patients [7] , suggesting that racial or body shape differences might exist.
To define the role of airway US in predicting difficult laryngoscopy, we evaluated the feasibility of ultrasound in predicting difficult laryngoscopy in a Chinese Han population.
Material and Methods
This was a prospective observational study. After approval of the research protocol by the local hospital ethics committee for human studies and obtaining personal informed consent, 203 American Society of Anesthesiologists (ASA) Grade I and II adult patients undergoing elective surgeries and receiving general anesthesia were included in this study. Exclusion criteria included patients who had facial, cervical, pharyngeal and epiglottis surgical or trauma history, patients with most teeth lost, and patients with arthritis.
The modified Mallampati score (MMS) was specified according to the visibility of pharyngeal structures with the patient in an upright sitting position, head in neutral position, mouth wide open, and tongue protruding to its maximum without phonation ( Figure 1A ) [8] . Class I is visualization of the hard palate, soft palate, fauces, uvula, and pillars. Class II is visualization of the hard palate, soft palate, fauces, and base of uvula. Class III is visualization of the hard palate and soft palate. Class IV is visualization of only the hard palate.
Thyromental distance (TMD) was measured from the mental prominence to the thyroid cartilage with the patient's neck extended fully.
Interincisor gap (IIG) was measured from the upper central incisors to the lower central incisors while the patient's mouth was fully opened. 
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Ultrasound measurements were performed by the primary investigator with the patient supine and the head and neck in neutral position. The thicknesses of anterior neck soft tissue at hyoid bone, thyrohyoid membrane, and anterior commissure levels were obtained transversely across the anterior surface of the neck with a 13-6 MHz HFL38x linear array ultrasound probe attached to a SonoSite S-nerve machine (SonoSite Inc., Bothell, WA, USA). At hyoid bone level, the minimal distance from the hyoid bone to skin surface (DSHB) was measured ( Figure 2A , 2B). At thyrohyoid membrane level, the distance from skin to epiglottis midway (DSEM) between the hyoid bone and thyroid cartilage was measured ( Figure 2C, 2D ). At anterior commissure level, the minimal distance from skin to anterior commissure (DSAC) was obtained ( Figure 2E , 2F).
After anesthesia induction with midazolam 0.04 mg/kg, propofol 2-2.5 mg/kg, fentanyl 2-4 μg/kg, and succinylcholine 2 mg/kg, endotracheal intubation was carried out by anesthesia providers with a minimum of 2 years of endotracheal intubation experience. All the patients were in neutral position without neck overextension or over-bending. The Macintosh blades were used to expose the target larynx, and no external laryngeal pressure was used to facilitate this process. Classification of laryngoscopic views was based on the method described by Cormack and Lehane ( Figure 1B ) [9] . Grade I is full view of the glottis. Grade II is partial view of the glottis or arytenoids. Grade III is only epiglottis seen. Grade IV is neither glottis nor epiglottis visible. Grade I and II are categorized as easy laryngoscopy. Grade III or IV are categorized as difficult laryngoscopy.
Statistical analysis
Continuous data are expressed as means (standard deviation [SD]); categorical data are expressed as numbers of occurrences (percents). Laryngoscopy graded III or IV were defined as difficult. Easy and difficulty laryngoscopies were compared.
Comparison analysis was performed using the t-test for continuous variables and chi-square or Fisher exact tests, as appropriate, for non-continuous variables. Correlation analysis Airway evaluation parameters, including MMS, TMD, IIG, DSHB, DSEM, and DSAC, are shown in Table 2 . The thicknesses of anterior neck soft tissue measured by US were greater in the difficult laryngoscopy group compared to the easy laryngoscopy group at the level of the hyoid bone, thyrohyoid membrane, and anterior commissure. MMS in the difficult laryngoscopy group was higher than in the easy group. However, no statistically significant difference was found between easy and difficult laryngoscopy groups for TMD and IIG.
A Figure 3H-3K) . No correlations were found between TMD and DSEM, TMD and DSHB, and TMD and DSAC (data not shown).
To further assess the roles of MMS, IIG, TMD, DSHB, DSEM, and DSAC in predicting difficult laryngoscopy, the ROC curves ( Figure 4) were drawn using MedCalc software with Laryngoscopy grade over II as the threshold of difficult laryngoscopy [5] . As determined by the Youden index, the optimal cutoff values (with sensitivity and specificity in parentheses) for MMS, IIG, TMD, DSHB, DSEM, and DSAC to predict difficult laryngoscopy were over 2 (50.0%, 82.3%), 3.8 cm (75.0%, 48.0%), 5.9 cm (21.4%, 93.7%), 1.28 cm (85.7%, 85.1%), 1.78 cm (100.0%, 66.3%), and 1.1 cm (75.0%, 80.6%), respectively. The areas under the ROC curve (AUCs) were significantly different from the area under the reference line (area=0.5) for MMS, DSHB, DSEM, and DSAC; and the P values of MMS, DSHB, DSEM, and DSAC were all less than 0.0001. No difference between the AUCs of TMD, IIG, and the area under the reference line were identified, suggesting that MMS, DSHB, DSEM, and DSAC might be better than TMD and IIG in predicting difficult laryngoscopy (Table 3) .
Discussion
With the rapid expansion of portable US in anesthesia for guiding the placement of central venous catheters and the performance of regional block [11] [12] [13] , some preliminary results exploring the feasibility of portable US in airway evaluation and management have been reported, even though the air attenuates US transmission and thereby creates artifacts [3] [4] [5] 14, 15] . In the present study, we compared the role Table 3 . The area under the ROC curves (AUC) for DSHB, DSEM, DSAC, MMS, IIG, and TMD.
AUC ±SE -area under the ROC curves ± Standard Error; 95% CI -95% Confidence Interval; DSHB -distance between skin and hyoid bone; DSEM -distance between skin and epiglottis; DSAC -distance between skin and anterior commissure; MMS -Modified Mallampati Score; IIG -inter incisor gap; TMD -thyromental distance. of the US measurements and traditional screening tests, including IIG, TMD, and MMS, in predicting difficult laryngoscopy in a Chinese Han population. We found that strong positive linear correlations existed among the thicknesses of anterior neck soft tissue measured by US at hyoid bone, thyrohyoid membrane, and anterior commissure levels. The AUCs of MMS, DSHB, DSEM, and DSAC are all over 0.7, indicating they are all good parameters in predicting difficult laryngoscopy. The AUCs of TMD and IIG were less than 0.7, suggesting that TMD and IIG were poor parameters in predicating difficult laryngoscopy.
To clearly visualize the glottis and smoothly finish the intubation procedure, anesthesiologists need to place the laryngoscope blade to the base of the epiglottis, and then lift it up. Therefore, in addition to the performer's skills and experience, many factors, including dental status, mouth opening, oropharyngeal space, mandibular space, and neck motility, are all involved this complicated procedure [16, 17] . Any of these factors can affect the recognition of difficult airway and preoperative evaluation. MMS mainly reflects the size of the tongue relative to the oral cavity, or the oropharyngeal space [18] [19] [20] , IIG means the mouth opening, and TMD can reflect the length of the neck. The US measurements mainly reflect the thickness of anterior neck soft tissue.
The Mallapati score was first introduced by Mallampati et al. in 1985 , and then modified by Samsoon and Young in 1987 [8, 18] . Due to the simple and clear evaluation standards, MMS has become one of the most commonly used tools to predict a difficult airway. However, MMS mainly depends on patient cooperation and body position, which can greatly affect the accuracy of airway evaluation [21] . Therefore, MMS has been reported to be a good predictor by many, but was found to be of limited value by others [22] . A recent meta-analysis involving 177 088 patients demonstrate that MMS is inadequate as a stand-alone test to predict difficult laryngoscopy or tracheal intubation, but it may well be a part of a multifactorial model for the prediction of a difficult tracheal intubation [23] . Our results also confirmed this conclusion.
IIG has been repeatedly reported to be associated with difficult intubation [24, 25] , but our results showed that there was no significant difference in mean IIG between difficult and easy laryngoscopy groups (3.74±0.43 vs. 3.86±0.47 cm). Furthermore, the AUC of IIG was 0.58±0.06, which was far less than 0.7, suggesting that IIG might be not a good screening parameter for predicting difficult laryngoscopy in our study. Our IIG conclusion was similar to the previous report by Savva [26] , but different from results of other studies [6, 27] . Whether this difference was 2348 really caused by racial factors requires further investigation because the measurements of IIG need patients to fully cooperate. TMD is also used as a screening test to predict difficult airway, but our results suggest that TMD is not a useful screening test. However, we could not determine whether this was because of limited patient numbers or because TMD was not useful in predicting difficult airway due to the small sample size.
CT, MRI, and other imaging techniques can accurately measure the thickness of anterior neck soft tissue, but they are expensive and unavailable in many operating rooms. Portable US is inexpensive, rapid, and convenient to perform in the operating room, and most importantly, it can quantify the neck fat thickness as accurately as MI [28] . However, the results of 2 prior studies focusing on soft tissue thickness at and below the level of the vocal cords in a specific group of obese patients are inconsistent [6, 7] . Adhikari et al. further measured the anterior neck soft tissue at the hyoid bone and thyrohyoid membrane levels, which is important to displace the glottis by the laryngoscopic blade, and found that US measurements of anterior neck soft tissue thickness at the level of hyoid bone and thyrohyoid membrane can be used to predict difficult laryngoscopies, and a 2.8-cm US measurement at the thyrohyoid membrane was a good independent predictor of difficult laryngoscopy [5] . were greater in the difficult laryngoscopy group and were significantly correlated. Furthermore, the ranges of anterior neck soft tissue for those with difficult laryngoscopy were mutually exclusive from those patients with an easy laryngoscopy, indicating that they are independent predictors of difficult laryngoscopy, even though the ranges of these 3 parameters were smaller than in a previous report [5] .
Several limitations exist in our study. Glottis exposure by place laryngoscope is a very complicated procedure, and many subjective and objective factors such as the provider's skills and experience, airway secretions, and abnormalities of anatomical structures are involved in this procedure. Therefore, the small sample size might limit our conclusions. The investigators were not totally blinded to the study purpose, and some clinical signs might indicate the possibility of difficult laryngoscopy, which can cause some bias during US measurements. Due to the low incidence of difficult laryngoscopy, it is impossible for us to randomly assign an equal number of patients to both groups, thus there were 28 patients in the difficult group and 175 patients in the easy group.
Conclusions
Anterior neck soft tissue thicknesses measured by US at the hyoid bone, thyrohyoid membrane, and anterior commissure levels are independent predictors of difficult laryngoscopy. The commonly used screening tests for difficult intubation have only poor-to-moderate predictive power when used alone. Combinations of these screening tests or risk factors with US measurements might increase the ability to predict difficult laryngoscopy.
